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© Multilayer parison. process for fts production and multilayer container. 

© A 9-layer parison whose wall portion is composed of two 
outside layers and one central layer of at least one thermo- 
plastic resin (resin A) selected from the group consisting of 
thermoplastic polyester resins, polyolefin resins, polycar- 
bonate, polyvinyl chloride, polystyrene and modified polys- 
tyrene, two interlayers of a thermoplastic gas-barrier (resin 
C) each being positioned between the central layer and each • 
outside layer, and four adhesive layers of a thermoplastic 
adhesive resin (resin B) each being positioned between each 
outside layer and each interlayer or between each Interlayer 
and the central layer. The said 9-layer parison can be 
produced by using a molding machine having three injection 
cylinders corresponding to resin A, B and C respectively, and 
continuously and successively injecting the molten resins A, 
B and C into a single mold in the order of resins A, B, C, B and 
A by one mold opening action. The parison is used to 
produce the wall portion of multilayer container such as a 
bottle. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention Bt 

This invention relates to a parison of a multi- 
layer structure and a process for its production, ' More i" : 
5 specifically, this invention relates to a multilayer !*/ 
parison as a preform for obtaining a multilayer container 
having excellent transparency, gas-barrier properties and • /' m 
mechanical strength, and to a process for its production. : ; 

2. Description of the Prior Art 

10 In recent years, hollow containers of thermo- 

plastic resins have gained widespread acceptance for hold- 
ing cosmetics, foodstuffs, drinks, etc. because of their 
certain advantages such as light weight and safety against 
rupture. Particularly, with an advance in the biaxial 

15 stretch-blow molding technology, there has been a rapid 
development of hollow containers of polyethylene tere- 
phthalate. 

Biaxially oriented containers of thermoplastic 
polyester resins, mainly polyethylene terephthalate, how- 

20 ever, do not possess all the requirements. When, for 

example, they are to hold foods and drinks requiring a high 
level of gas-barrier property, they have the defect of 
reducing the flavors of such contents because of their 
insufficient barrier properties against oxygen and carbon 

25 dioxide gases. 

Attempts have been made to remedy this defect. 
For example, Japanese Laid-Open Patent Publications Nos. 
128516/1982 and 128520/1982 disclose that a three-layer 
parison composed of outside layers of a thermoplastic 

30 polyester and an interlayer of a m-xylylene group-con- 
taining polyamide resin (to be referred to as MX nylon) as 
a gas-barrier interlayer is produced by using a molding 
machine having two injection cylinders corresponding to the 
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thermoplastic polyester resin and the MX nylon, and con- 
tinuously and successively injecting the molten thermo- 
plastic polyester and MX nylon into a single mold by one : 
mold opening action. This method, however, has the defect" 
that when it is desired to reduce the thickness of the MX * 
nylon layer, or in other words, to decrease the amount of 
MX nylon injected, the MX nylon layer is not formed • 
throughout the parison. • 

The present inventors, in an attempt to remedy 
this defect, previously succeeded in decreasing the amount" 
of injection of MX nylon from that in the above prior 
method by again injecting the thermoplastic polyester resin 
after the injection of MX nylon in the above prior method 
to give a parison of a five-layer structure composed of two 
outside layers and one central layer of the thermoplastic 
polyester resin and two interlayers of MX nylon between the 
outside layers and the central layer, and filed a patent 
application for this method (copending D. S. Serial No. 
731,953). According to this method, the thickness of the;* 
MX nylon layers can be very much decreased and the amount 
of MX nylon injected can be decreased from that in the 
prior method, although the parison contains two MX nylon 
layers. 

Since, however, gas-barrier resins such as MX 
nylon, generally have poor affinity for thermoplastic 
polyester resins, they have insufficient adhesion to the 
thermoplastic polyester laye.rs, and delamination tends to 
occur. The above defect, therefore, cannot be completely 
remedied by this method. 
SUMMARY OF THE INVENTION 

It is an object of this invention to provide a 
multilayer parison from which multilayer containers having 
excellent gas-barrier properties can be produced, and 
A process for producing such a multilayer parison. 

Another object of this invention is to provide a 
multilayer parison from which multilayer containers free 
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from delamination can be produced, and a process for pro- 
ducing such a parison. 

Still another object of this invention is to 
provide a novel multilayer parison comprising a thin layer 
5 of a thermoplastic adhesive resin between a thermoplastic 
resin layer and a thermoplastic gas-barrier resin layer, 
and a process for producing such a multilayer parison, * 

Yet another object of this invention is to pro- \ ' 
vide a multilayer container having excellent gas-barrier 

XO properties which does not undergo delamination even when * f 
used for a long period of time. 

According to this invention, there is provided 
A 9-layer parison whose wall portion is composed of two 
outside layers and one central layer of at least one ther- 

15 moplastic resin (resin A) selected from the group con- 
sisting of thermoplastic polyester resins, polyolefin 
resins, polycarbonate, polyvinyl chloride, polystyrene and 
modified polystyrene, two interlayers of a thermoplastic 
gas-barrier resin (resin C) each being positioned between 

20 the central layer and each outside layer, and four adhesive 
layers of a thermoplastic adhesive resin (resin B) each 
being positioned between each outside layer and each inter- 
layer or between each interlayer and the central layer • 

According to this invention, there is also pro- 

25 vided a process for producing the aforesaid multilayer 
parison, which comprises using a molding machine having 
three injection cylinders corresponding respectively to 
resins A, B and C, and continuously and successively in- 
jecting the molten resins A, B and C into a single mold by 

30 one mold opening action in the order of resins A, B, C B 
and A. 

According to this invention, there is further 
provided a multilayer container comprising a wall portion 
formed by biaxial stretch-blow molding of the aforesaid 
35 multilayer parison and composed of two outside layers and 
one central layer of resin A, two interlayers of resin C 
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each being positioned between the central layer and each . , 
outside layer and four adhesive layers of resin B each 
being positioned between each outside layer and each 
interlayer or between each interlayer and the central 
5 layer, and an open end mouth portion made solely of resin 
A. 

BRIEF DESCRIPTION OF THE DRAWINGS *' 
Figure 1 is a view showing the principle of an •* 
apparatus for carrying out the process of this invention, 
10 in which reference numerals 1, 2 and 3 represent injection*, 
cylinders for injecting resins A, B and C respectively; 4/ 
a hot runner; 5, a gate; 6; a mold; and 7, a cavity. 

Figures 2 to 5 are sectional views showing the 
inside of the cavity in the practice of the process of this 
15 invention as the process proceeds, in which reference 

numerals 8, 9 and 10 represent resins A, B and C respec- 
tively; and 11, an open end mouth portion. 
DETAILED DESCRIPTION OF THE INVENTION 

The multilayer parison and the process for its 
20 production in accordance with this invention are described 
below with reference to Figures 1 to 5. 

Resins A, B and C molten in injection cylinders 
1, 2 and 3 respectively are successively injected con- 
tinuously into a cavity 7 having a configuration conforming 
25 to the desired parison within a mold 6 in the order of 
resins A, B, C, B and A. 

When the molten resin A is injected from the 
injection cylinder 1 into the cavity 7, the inner sectional 
surface of the cavity is as shown in Figure 2. 
30 Subsequently, the molten resin B is injected from 

the injection cylinder 2 into the cavity 7. The inner 
sectional surface of the cavity is as shown in Figure 3. 

When the molten resin C is injected into the 
cavity 7 from the injection cylinder 3, the inside sec- 
35 tional surface of the cavity is as shown in Figure 4. 

Thereafter, the molten resin B and the molten 
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resin A are successively injected further into the cavity 
from the injection cylinders 2 and 1, respectively. Final- 
ly, 9 resin layers are formed in the cavity as shown in . 
Figure 5. : 
5 After pressure keeping and cooling, the mold is *. 

opened. There is obtained a 9-layer parison whose wall 
portion is composed of two outside layers and one central •* 
layer of resin A r two interlayers of resin C each being •* 
positioned between each outside layer and the central 

10 layer, and four adhesive layers of resin B each being 

positioned between each outside layer and each interlayer f 
or between each interlayer and the central layer. 

The suitable amounts of the resins to be inejcted 
in order to form the 9 resin layers uniformly throughout 

15 the wall portion are 40. to 60% by volume for resin A to be 
injected in the first place, 20 to 40% by volume for resin 
A to be finally injected, 1 to 5% by volume of resin B to . 
be first injected, 1 to 5% by volume for resin B to be 
later injected, and 1 to 15% by volume for resin C, all 

20 based on the capacity of the cavity of the mold. 

The suitable proportions of the thicknesses of 
the individual resin layers in the wall portion are 20 to 
30% for each outside layer of resin A, 20 to 40% for the 
central layer of resin A, 0.5 to 2.5% for each of the four 

25 adhesive layers of resin B, and 0.5 to 7.5% for each of the 
two interlayers of resin C. 

Generally, the multilayer parison has a wall 
thickness of 2 to 6 mm, preferably 3 to 5 mm, and a multi- 
layer container obtained by biaxial stretch-blow molding of 

30 the parison has a wall thickness of 200 to 500 micrometers, 
preferably 250 to 450 micrometers. 

Resin A used in this invention is a thermoplastic 
polyester resin, a polyolefin resin, polycarbonate, poly- 
vinyl chloride, polystyrene or modified polystyrene. The 

35 thermoplastic polyester resin is preferred. 

The thermoplastic polyester resin usually denotes 
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a polyester derived from an acid component at least 80 
mole%, preferably at least 90 mole%, of which consists of 
terephthalic acid and a glycol component at least 80 mole%, Y 
preferably at least 90 mole%, of which consists of ethylene 
glycol. The remainder of the acid component may comprise/ t( 
for example, isophthalic acid r diphenyl ether-4,4-di- 
carboxylic acid, naphtha'lene-1,4 (or 2,6) -dicarboxylic ;*• 
acid r adipic acid, sebacic acid, decane-l,10-dicarboxylic.: • , 
acid, or hexahydroterephthalic acid. The remainder of the - 
glycol component may comprise, for example, 1,4-butanedioi:/ . 
neopentyl glycol, diethyl ene glycol, cyclohexane di- 
methanol, 2,2-bis (4-hydroxyphenyl) propane, or 2,2-bis(4- 
hydroxyethoxyphenyl) propane. The polyester resin may 
further comprise a hydroxycarboxylic acid such as p-hydroxy- 
benzoic acid as part of the acid component. 

The suitable inherent viscosities of these thermo- 
plastic polyesters are at least 0.55, preferably 0.65 to 
1.4. If the inherent viscosity is less than 0.55, it is 
difficult to obtain the multilayer pari son in a transparent 
amorphous state, and a container obtained from the parison 
has insufficient mechanical strength. 

Examples of the resin B (thermoplastic adhesive 
resin) used in this invention include modified polyolefin 
resins, alpha-olef in/vinyl ester copolymers, copolyamide 
resins, copolyester resins, and polyurethane resins. They 
may be used either singly or as a mixture with each other 
or with another thermoplastic resin. 

Examples of resin C (thermoplastic gas-barrier 
resin) used in this invention are MX nylon, a saponified 
product of ethyl ene/ vinyl acetate copolymer, acrylonitrile 
copolymers, and polyvinyl idene chloride. MX nylon is 
preferred.; 

MX nylon denotes polymers containing at least 70 
raole% of structural units obtained from m-xylylenediamine 
alone or mixed xylylene diamine containing m-xylylene- 
diamine and not more than 30%, based on the mixture, of 
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p-xylylenediamine and an alpha, omega-aliphatic dicarboxy- 
lic acid having 6 to 10 carbon atoms. 'Specific examples of 
these polymers include homopolymers such as poly (m-xylylene 
adiparaide), poly (m-xylylene sebacaraide) and poly (m-xylylene 
suberamide) r copolymers such as m-xylylene/p-xylylene 
adiparaide copolymer, m-xylylene/p-xylylene pimelamide 
copolymer and m-xylylene/p-xylylene azelamide copolymer, ;• 
and copolymers derived from the components of these homo- ;* 
or copolymers and aliphatic diamines such as hexamethylene- 
diaraine, alicylcic diamines such as piperazine, aromatic 
diamines such as p-bis-(2-aminoethyl) benzene, aromatic 
dicarboxylic acids such as terephthalic acid, omega-araino- 
carboxylic acids such as omega-aminoheptanoic acid, lactams 
such as epsilon-caprolactam, or aromatic aminocarboxylic 
acids such as p-aminobenzoic acid. 

Such polymers as nylon 6, nylon 6,6, nylon 6,10 
and nylon 11 may be included in these polymers. 

The suitable relative viscosity of the MX nylon 
is at least 1.5, preferably 2.0 to 4.0. 

As required, a coloring agent, an ultraviolet 
absorber, an antistatic agent, an antioxidant, a lubricant, 
a nucleating agent, etc. may be incorporated in one or both 
of the resins A and B in amounts which do not impair the 
objects of this invention. 

A multilayer container can be obtained by heating 
the resulting multilayer parison to the stretching tempera- 
ture and biaxially stretch-blow molding the parison in a 
blow mold by axially moving a stretching rod to stretch the 
parison and simultaneously blowing a pressurized gas into 
the parison to expand it. 

When the parison comprises a thermoplastic 
polyester resin as resin A and MX nylon as resin B, its 
stretching temperature may be substantially the same as 
that for a parison composed solely of the thermoplastic 
polyester resin, and is preferably within the range of 70 
to 130 C. Generally, the suitable stretching temperature 
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is from a temperature about 15°C above the glass transition 
temperature of resin A to a temperature about 15°C above 2 
times the glass transition temperature. Preferably, the 
parison is stretched to 1 to 4 times in the axial direction 
and 2 to 7 times in the circumferential direction. More 
preferably, the stretching is carried out so that the area 
stretch ratio is 5 to 15' times. ;*• 

The provision of the adhesive layers permits firm, 
adhesion between the outside resin layers of resin A and 
the interlayers of resin C and between the central layer ©£; 
resin A and the interlayers of resin C and assures freedom : 
from delamination in long-term use in the resulting multi- 
layer container without deteriorating its gas-barrier 
properties, transparency and mechanical strength. 

The following example illustrates the invention 
-more specifically. 

EXAMPLE 

By using polyethylene terephthalate (PET for 
short) having an inherent viscosity of 0.75 as resin A, 
modified polyethylene ("MODID E-310K", a tradename for a 
product of Mitsubishi Petrochemical Co., Ltd.) or modified 
polypropylene ("ADMER GF550*, a tradename for a product of 
Mitsui Petrochemical Industries, Ltd.) as resin B, poly(m- 
xylylene adipamide) having a relative viscosity of 2.1 as 
resin C, a 9-layer parison having an outside diameter of 30 
mm, a length of 120 mm and wall thickness of 4 mm and of 
which wall portion consisted of two outside layers and one 
central layer of resin A, two interlayers of resin C each 
being positioned between each outside layer and the central 
layer, and four adhesive layers of resin B each being 
positioned between each outside layer and each interlayer 
or between each interlayer and the central layer was pro- 
duced by a 3-cylinder injection molding machine under the 
following injection conditions. 

Cylinder temperature: 275°C (resin A side) and 

265°C (resin C side) 
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Mold temperature: 20°C 

Injection pressure keeping time: 10 seconds 

Cooling time: 15 seconds 

Proportions resins injection: 

Resin A first injected 48% by volume 
Resin B first injected 2% by volume 
Resin C 8% by volume 

Resin B later injected 2% by volume 
Resin A later injected 40% by volume 

Injection speed: 

Resin A first injected 22 cc/sec : 
Resin B first injected 8 cc/sec 
Resin C 11 cc/sec 

Resin B later injected 8 cc/sec 
Resin A later injected 10 cc/sec 

The parison was heated by "a quartz heater to a 

surface temperature of 95°C by using a biaxial stretch-blow 

molding machine, transferring it into a blow mold, and 

biaxially stretching it and blowing it at a stretching rod 

moving speed of 20 cm/sec under stretch-blowing pressure of 
2 

20 kg/cm . As a result, a multilayer bottle-shaped con- 
tainer having a total length of 275 mm, an outside diameter 
of 80 ram and an inner capacity of 1000 ml was obtained. 

The multilayer container obtained had excellent 
gas-barrier properties, transparency and mechanical 
strength and was free from delamination. 

The oxygen permeability of the container, measured 
by a tester (OXTRAN 100) of Modern Control Company at a 
temperature of 20°C and a relative humidity of 65%, was 
about 1/5 of that of a container composed of a single layer 
of polyethylene terephthalate. The delamination strength 
between the resin A layer and the resin C layer, measured 
on a rectangular sample having a width of 1 inch by pulling 
the layers at 180° by a "Tensilon" (Toyo Baldwin Co.), was 
300 to 500 g/inch for the modified polyethylene as resin B 
and 200 to 400 g/inch for the modified polypropylene as 
resin B. 
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What is claimed is: 

1. A 9-layer parison whose wall portion is composed 
of two outside layers and one central layer of at least one 
thermoplastic resin (resin A) selected from the group 
consisting of thermoplastic polyester resins, polyolefin 
resins, polycarbonate , polyvinyl chloride, polystyrene and 
modified polystyrene, two interlayers of a thermoplastic :** 
gas-barrier resin (resin C) each being positioned between 
the central layer and each outside layer, and four adhesive* 
layers of a thermoplastic adhesive resin (resin B) each 
being positioned between each outside layer and each inter- : 
layer or between each interlayer and the central layer. 

2. The parison of claim 1 wherein the proportions of 
the thicknesses of the resin layers in the wall portion are 
20 to 30% for each of the two outside layers of resin A, 20 
to 40% for the central layer of resin A r 0.5 to 2.5% for 
each of the four adhesive layers of resin B, and 0.5 to 
7.5% for each of the two interlayers of resin C. 

3. The parison of claim 1 wherein the resin B is 
selected from the group consisting of modified polyolefin 
resins, alpha-olef in/vinyl ester copolymer resins, co- 
polyamide resins, copolyester resins and polyurethane 
resins. 

4. The parison of claim 1 wherein the resin C is 
at least one thermoplastic resin selected from the group 
consisting of m-xylylene group-containing polyamide resins, 
a saponified ethyl ene/vinyl acetate copolymer resin, 
acrylonitrile copolymer resins and polyvinylidene chloride 
resin. 

5. The parison of claim 1 wherein the resin A is a 
thermoplastic polyester and the resin C is a m-xylylene 
group-containing polyamide resin. 

6. A process for producing a 9-layer parison whose 
wall portion is composed of two outside layers and one 
central layer of at least one thermoplastic resin (resin 
A) selected from the group consisting of thermoplastic 
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polyester resins, polyolefin' resins, polycarbonate, poly- 
vinyl chloride, polystyrene arid modified polystyrene, two 
iriterlayers of a thermb^l'astie* gas-barrier resin (resin C] 
each being positioned between the central layer and each 
outside layer, 'and f bur adhesive layers of a thermoplastic 
adhesive resin- (resin B) each being positioned between each 
outside layer and each interlayer or between each inter- : ' 
layer and the central layer; which comprises using a moldt" 
ing machine having three injection cylinders corresponding, 
to resins A, B and C respectively, and continuously and 
successively injecting the molten resins A, B and C into a 
single mold in the order of resins A, B, C, B and A by one 
mold opening action. 

7* The process of claim 6 wherein the amounts of the 

resins injected are 40 to 60% by volume for resin A in- 
jected first, 20 to 40% by volume for resin A injected 
finally, 1 to 5% for resin B injected first, 1 to 5% by 
volume for resin B injected later, and 1 to 15% by volume 
for resin C, all based on the capacity of the cavity of the 
mold. 

8* The process of claim 6 wherein the resin B is 

selected from the group consisting of modified polyolefin 
resins, alpha-olef in/vinyl ester copolymer resins, co- 
polyamide resins, copolyester resins, and polyurethane 
resins. 

9- The process of claim 1 wherein the resin C is at 

least one thermoplastic resin selected from the group 
consisting of m-xylylene group-containing polyamide resins, 
a saponified ethylene/vinyl acetate copolymer resin, acrylo- 
nitrile copolymer resins and polyvinyl idene chloride resin. 

10. The process of claim 1 wherein the resin A is a 
thermoplastic polyester and the resin C is a m-xylylene 
group-containing polyamide resin. 

11. A multilayer container composed of a wall portion 
and an open end mouth portion, said wall portion being 
biaxially oriented and composed of two outside layers and 
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one central layer of at least one thermoplastic resin 
(resin A) selected from the group consisting of thermo- 
plastic polyester resins, polyolefin resins, polycarbonate 
polyvinyl chloride , and polystyrene and modified poly- 
styrene, two interlayers of a thermoplastic gas-barrier 
resin (resin C) each being positioned between the central 
layer and each outside layer, and four adhesive layers of • 
a thermoplastic adhesive resin (resin B) each being posi- : 
tioned between each outside layer and each interlayer or 
between each interlayer and the central layer* 
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